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I  Report Summary 

This Is the final report for Grant AFOSR-72-2392 and it outlines 

the accomplishments during the two and one half years of its tenure. 

A portable near-field accelerometer array consisting of 9 stations 

was developed and installed in the Stone Canyon-Bear Valley region of 

central California. The array is capable of recording ground motion up 

to 0.3 g in the frequency range 0.03 to 50 Hz. The 54 data channels of 

the array are recorded in a convenient form with a common time base on 

analog magnetic tape at a central site. The maximum dimensions of the 

array are about 10 km. 

A detailed study of the seismicity in the Stone Canyon-Bear Valley 

region revealed short periods of intense clustered activity separated by 

much longer periods of more subdued and diffuse activity.  Fault plane 

solutions of over 150 earthquakes were studied and revealed some inter- 

esting features of the tectonics and velocity structure of the crust. 

A study of attenuation of shear waves yielded low values of Q for 

the upper crust and differences between the crust on the two sides of 

the fault.  It was found that for earthquakes of magnitude 3 the corner 

frequencies were large enough so that an accurate knowledge of atten- 

uation in the crust was required in the interpretation. Detailed studies 

were made of three events recorded by the near-field array and revealed 

some interesting patterns in the differences between P and S corner fre- 

quencies and the azimuthal distribution of corner frequencies. A digital 

tape containing the near-field data from these three events has been pre- 

pared and is available to other investigators. However, since installation 

of the near-field array, the type of earthquake for which the experiment 

■—---^ ...-.^.... - - ■ — -^ ...■■ -- ■■ -^ ..-.- - ■-. .., ........^ ,. ,,,. ■ ..■...■,....—. 
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was designed has not occurred and in this sense the experiment Is still 

Incomplete. 

Methods of calculating exact solutions for the displacement and 

tilt resulting from a dislocation source In a halfspace were developed 

and applied to the Interpretation of various types of data. 

Thirteen papers were prepared covering the research conducted under 

this grant. 

-■ -    . ..      -  —■—-"  
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II  Introduction 

The near-field project grew out of some of the problems that became 

apparent at the Woods Hole meeting on seismic discrimination in 1970. 

At that time it became clear that the type of high-quality data necessary 

to test and differentiate between various theoretical models of an earth- 

quake source were not available.  Recognition of this problem led an ad 

hoc panel, chaired by Stewart Smith, to issue a report entitled "The 

near-field long-period spertrum of earthquakes and the discrimination 

problem" in January of 1971. This report proposed a concentrated group 

effort directed at obtaining a large amount of high-quality data from 

only a few earthquakes, as opposed to the standard practice of obtaining 

mostly by chance a few high-quality data from each of a large number of 

earthquakes. The report suggested the idea of 'trapping an earthquake1 

in the magnitude range between 3.0 and 5.0 in the center of a comprehensive 

experiment designed to record data spanning a large range in frequency, 

azimuth, and distance. Further discussion among interested parties led 

to the suggestion that the Stone Canyon-Bear Valley region of the San 

Andreas fault zone in central California would be a reasonable place to 

try such an experiment. This region offered the advantages of a high 

rate of earthquake activity, a relatively simple tectonic pattern, ample 

historical data on the seismicity of the region, good control on earthquake 

locations, and easy accessibility. 

Funding of such a near-field project by the AFOSR began in 1972. As 

its part in the cooperative program, U.C. Berkeley had the responsibility 

of developing and installing an array of three-component strong-motion 

      --——' --~- .-^■■—^—^-^.    .-_  .         ii iniimiii»! iwH 



IU1LMW»WP"I|IW™JU, i.«u«"Hi>iluiuiiii IIM-.HU. II j|iia|uiMw.m<mpitmMPRMHMPMipmiM^WnM",liHli-iWua.VUi ■ ^■ilii!WW^pi!WPIBWIi|i^W»"»!liB*P»Äppill.l|lll,J., IIP«lipi tm* 

continuous-recording broad-band accelerometers in a tight network in the 

immediate vicinity of the anticipated earthquake. The purpose of this 

array was to provide broadband data recorded within a few km of an 

earthquake source. 

Funding for the near-field accelerometer array under grant AFOSR-72-2392 

began in June of 1972 and continued for two and one half years. This final 

report summarizes the accomplishments during this period of time. More 

detailed discussions can be found in the 10 Quarterly Management Reports 

and the 4 Technical Reports that have been submitted and in the papers 

listed in part IX of this report. 
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III  Development of the Near-Field Array 

One aspect of this research project was to develop a por-.able near- 

field array capable of recovering ground motion In the frequency bandwidth 

0.02 to 50 Hz recorded at a distance range of 0 to 50 km from either an 

earthquake or an explosion. The array which was developed contains nine 

stations, a number which we thought was necessary to give the azlmuthal 

and distance coverage which are required In near-field studies of this 

type. 

The sensors employed In the array are force-balance accelerometers 

which are designed to withstand up to 2 g of acceleration. This means 

that the usual worries about linearity of response that are present when 

a conventional seismometer with moving parts Is subjected to strong ground 

motion have been avoided. Another advantage of these sensors Is that they 

are small and easy to Install. The three components that comprise a 

station are all mounted within a single water-tight 8 Inch cube and Instal- 

lation simply consists of burying this cube at a depth of 2 to 3 feet. 

When this research effort began, It was not certain that long-period 

ground motion could be reliably recovered from conventional force-balance 

accelerometers with a resonant frequency of 200 Hz such as those used in 

the near-field array. However, the circuit which was designed to doubly 

Integrate the accelerometer output to give an output proportional to ground 

displacement has been a success. The response functions of both the accel- 

eration output and the displacement output are shown in Figure 1. The dls- 

^v, placement outputs roll off on the low frequency end with a corner at 30 sec. 

I 
Originally this corner was placed at 120 sec but it was found that the 

ground tilts which can be quite large at distances of a few km from an 

- i    r ' ' ■ ■-—• -~--:-^ ■—^ .^^—o . .- —   .         .   -^-  -^ 
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earthquake were dominating the displacement outputs and limiting their 

gain.  Thus, as a compromise between recording displacements and tilts 

in the low frequency range, we have been using a corner frequency of 

30 sec which allows a high enough gain setting to recover displacement 

data in the range 30 to 1 sec and still provides some information on the 

tilts at 30 sec and slightly longer periods. 

To insure portability, data from the near-field array are transmitted 

to a central recording site via radio telemetry. Radio frequencies in 

the 72-76 MHz band are used, which gives line-of-sight transmission. The 

receiving antennas are. located on a hilltop near the central recording 

site.  Both the seismometer package and the radio are light weight and 

low power. Originally, the remote stations of the array were powered 

with 6-volt automobile batteries, but now air cell batteries are used 

which means that stations will operate unattended for periods of over a 

year at a time. About the only problem encountered at the remote stations 

has been due to animals, but use of rodent-proof cables and fence posts 

to keep cattle off the antennas has effectively solved these minor prob- 

lems. The four array stations which were closest to the fault were easily 

connected to the central recording site with direct land wires through the 

use of existing phone lines and short lengths of cables which were laid 

for this purpose. Because of troubles with cables being cut and phone 

lines being down, these directly coupled stations of the array have 

actually had more down time than those that are radio coupled. 

All of the data are transmitted and recorded in an FM format. All 

of the VCOs and discriminators employed in th±e project were fabricated 

in our laboratory using a rather inexpensive design that relies on an 

- --.-  —- -■- ..■.....■.,.„-.   .. „^ ...  ...-.■.,..J...^-.,^.,„„ 
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Figure 1. The system response functions of the acceleration and displacement channels. 
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integrated-clrcult phase-lock-loop. Equipment with this same type of 

design has since become commercially available. 

An important property of this research effort is the fact that the 

data are continuously recorded with a common time base. This insures 

that the beginning of the P phases can be recorded and analyzed, some- 

thing which is usually not possible with conventional triggered strong 

motion instrumentation. With six data channels, acceleration and dis- 

placement outputs from each of three orthogonal directions of ground 

motion, coming from each of the nine stations of the array, a total of 

54 channels of data have to be recorded in a continuous mode with a 

bandwidth of 50 Hz. In addition, 12 channels of output from creepmeters 

operated by the Earthquake Mechanism Laboratory of NOAA were recorded, 

and since 07 February 1974, 6 channels of data from short-period stations 

operated by the USGS in the Stone Canyon-Bear Valley region have been 

recorded. To record all of these data has required the operation of 

5 analog tape recorders. Three of these are the old LRSM Ampex units 

running at a speed of 0.3 inch/sec (tape changed once per day) and two 

are Geotech Model 19429 tape recorders running at a speed of 0.12 inch/sec 

(tape changed every 7 days). The details of this data recording scheme 

are given in Table 1. 

Maintaining the five tape recorders in satisfactory operating con- 

dition with reasonably low noise levels has presented the main operational 

difficulty of the project. The advanced age of some of the tape recorders 

and the difficulty in obtaining spare parts has been part of the problem. 

Our plans (and a recommendation for future projects of this type) are to 

replace these five tape decks recording in an FM mode with a single tape 

deck recording in a direct analog mode. By recording FM tone bundles 
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containing up to 8 data channels on each of the 14 tracks on the tape, 

a total of 112 data channels can be recorded on a tape deck that has to 

be changed once a day. 

Aside from routine quality checks on the recording system, all of 

our data analysis has been performed on digitized data. The analog tapes 

are converted to digital data at our Berkeley laboratory using an auto- 

matic analog-to-digital converter. With suitable anti-aliasing filters 

at 50 Hz, a sample of rate of 125 samples per sec has usually been 

sufficient, aZthough on occasions we have used rates of 250 samples per 

sec. Analysis of these digital data has been performed on a CDC 6400 

computer up to the present time. Shortly we shall begin doing this 

analysis on a seismic analysis system which contains a graphic display 

which will allow for a much more interactive mode of analysis. With the 

large number of data channels involved in this project, such interactive 

analysis should be quite useful. All of the digitized data which have 

been deemed suitable for analysis have been made available to other 

investigators and are described in a later section of this report. 

Installation of the stations of the near-field array began in the 

autumn of 1972. Because of heavy rains that winter (the river flooded 

and a couple of bridges washed out) it took until March to install the 

first six stations, and the remaining three stations were put in shortly 

thereafter. The stations were located with an emphasis on azimuths north 

and east of the Stone Canyon-Bear Valley region, the same azimuths occupied 

by the more distant long-period stations of the University of Washington 

\ and the University of Nevada. Figure 2 and Table 1 give the locations of 

the array stations from that time until May of 1974. When two of the 

t 
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stations (numbers 5 and 6) had to be moved In May of 1974, it was 

decided to place another station In the granitic Gabllan block on the 

west side of the San Andreas fault. Figure 3 and Table 2 give the 

locations of the array stations from 03 May 1974 until the present. 
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Figure 2. Locations of the near-field array stations prior to May 197^. 
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Figure 3. Locations of the near-field array stations after May 197^. 
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IV  Studies of Selsmlclty 

In order to keep all participants In the near-field project Informed 

of seismic activity In the Stone Canyon-Bear Valley regionv a weekly 

Information bulletin was assembled and sent to all Interested parties. 

This bulletin contained a list of earthquakes In the general Stone Canyon- 

Bear Valley region, a summary of creepmeter activity In the region, a 

list of events and time periods that had been retained for further study 

In the Berkeley tape library, and "final" hypocenter parameters of the 

events for which detailed studies had been made. This Information bulletin 

was prepared by Karen McNally, and 72 Issues were distributed In the period 

between 01 January 1973 and 24 Nov 1974. 

With the Intention of obtaining a more accurate picture of selsmlclty 

patterns In the Stone Canyon-Bear Valley region, a study was made of all 

recorded earthquakes In this region since 1961. A method employing fixed 

groups of stations and station corrections was developed and used to 

obtain a homogeneous set of locations for all earthquakes In this region 

since 1961 with magnitudes greater or equal to 2.5. In the period since 

01 September 1971 the magnitude threshold was reduced to 2.0. These 

hypocentral data are tabulated and plotted in Technical Report No. 2 

(16 August 1973), Technical Report No. 3 (16 March 1974), and Technical 

Report No. 4 (10 November 1974). This study revealed that the "normal" 

selsmlclty along the San Andreas fault In the Stone Canyon-Bear Valley 

region consists of a rather uniform und diffuse distribution of epicenters 

In both space and time. However, this pattern Is occasionally Interrupted 

by short periods of time In which the seismic activity becomes more 

■ 
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V 

Intense and there Is major clustering of earthquakes In both space and 

time. Two such periods of Intense activity have been Identified, one 

In 1960-1961 and another starting In late 1971 and extending Into the 

first half of 1973. Rather diabolically, the ending of this last period 

of Intense activity coincided with the Installation of Instruments for 

the near-field project. 

Another Interesting facet of earthquakes In the Stone Canyon-Bear 

Valley region was uncovered through the study of fault plane solutions. 

Fault plane solutions were constructed for over 150 earthquakes and they 

revealed an almost total predominance of strike-slip motion on near- 

vertical fault planes. When these fault plane solutions are plotted on 

a map the earthquakes east of the San Andreas fault zone show a tendency 

to bifurcate along directions parallel to the Calaveras fault which 

separates from the main trace of the San Andreas fault further to the 

north.  (See Technical Report No. 4, 10 November 1974). The detailed 

study of fault plane solutions also revealed that apparent Inconsistencies 

In the polarity of motion on the focal sphere were due to anomalous ray 

paths for waves travelling along the fault zone. This result has been 

Interpreted to mean that the velocity-depth profiles are quite different 

on the two sides of the fault In this part of central California. The 

results of these various studies have been presented In papers by McNally 

(1974), Savage and McNally (1974), and McNally and McEvllly (1974). 

A short study was also conducted of the seismic and related tectonic 

patterns In the Cape Mendoclno area, the most active seismic region In 

i California. Results of this study were presented In a paper by Peppln 

et al. (1974) and will soon be published by Slmlla et al. (1975). 

i.M.^: .-. -■'.firtm-iiu-v it ■-..--<-^^■^-V;^;^
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V  Studies of Crustal Structure 

The Interpretation of near-fji^ld data requires that the material 

properties of the crust be known so that corrections can be made for 

wave propagation effects. Knowledge of the attenuation properties 

of the crust are particularly Important when It comes to Interpreting 

the corner frequencies of P and S waves. The dimensions of the near- 

field array were made small in order to mitigate some of the effects 

of attenuation, but for small events with corner frequencies of several 

Hz, corrections for attenuation are still required. 

Accurate measurements of attenuation in the crust are difficult to 

obtain, particularly in the case of shear waves. In a study by Kurita 

(1975) a spectral ratio method was developed and used to estimate the 

attenuation of shear waves in the Stone Canyon-Bear Valley region. A 

difference was found on the two sides of the San Andreas fault zone 

with a value as low as 20 for the Q of shear waves in the upper part 

of the crust northeast of the fault and a value of about 100 southwest 

of the fault. 

■—"-   ■  -       -   -  -  —        ■- -   -           .^^j^t^^tu^*^** 
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VI  Studies of Source Properties 

A primary objective of the near-field project has been to Increase 

our understanding of the basic physical processes that occur at an earth- 

quake source, or to at least obtain an empirical description of the 

source which would allow one to predict systematically the properties of 

the elastic waves which are radiated from it.  The emphasis in our part 

of the project has been to obtain data very near to the source with the 

expectation of seeing the effect of the finite size of the source. By 

observing a single source at several different azimuths we also hoped to 

observe the effects of source propagation or any other asymmetries in the 

radiation pattern.  Such studies require that elastic waves having wave- 

lengths comparable to the dimensions of the source be used, and for events 

in the magnitude range of 3 to 5 this Implies that frequencies equal to 

or greater than 1 Hz be recorded. The bandwidth of the near-field array 

extends to 50 Hz to provide this capability. At the same time it is 

desirable to record the long period motions near the source both because 

they also contain Information about the source and because it is at these 

longer wavelengths that one can make a direct comparison between data 

obtained from the near-field array and the data obtained by the other 

participants in the near-field project at more distant locations. Because 

of these reasons, the near-field array was designed as a broad-band system 

with an effective flat response between 30 sec and 50 Hz. 

While waiting for the near-field array to be installed and data to 

accumulate, analysis was begun on a set of data that had been already 

recorded at the San Andreas Geophysical Observatory (SAGO) a few km north 

>_ i   ■ - -  -  ■ ■       — '-""■linn in-- =■—- . ■-  -  - 
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of the Stone Canyon-Bear Valley region. While the bandwidth of these 

data was not so large (30 sec to 10 Hz) nor the azirauthal coverage so 

complete (only 2 stations) as that of the near-field array, they did 

provide an opportunity to develop analysis procedures that could later be 

applied to the near-field data and they also provided some interesting 

results concerning source parameters of earthquakes in this part of 

central California. 

The results of this study of the SAGO data have been published 

(Johnson and McEvilly, 197A) so the main conclusions will only be sum- 

marized here. For the 13 earthquakes which were studied it was found 

that the seismic moments estimated from the low frequency levels of the 

spectra showed a linear dependence on magnitude that was generally con- 

sistent with what other investigators have been finding in similar studies. 

An interesting observation was that the moments estimated on the two sides 

of the fault zone differed by a factor of 3. Somewhat surprising was the 

result that the corner frequency of the spectra showed only a very weak 

dependence upon magnitude. This result raised the possibility that the 

corner frequency was not controlled by the source dimension but rather by 

some other source parameter such as rise time of the source function. The 

results and the unanswered questions of this study all seemed to reinforce 

the objectives, methods, and importance of the near-field project. 

Because it was clear from the outset that the earthquakes to be 

recorded in the Stone Canyon-Bear Valley region by the near-field project 

would most likely be moderate in magnitude and almost certainly be strike- 

slip in type, it was considered desirable to gain some experience with 

other types of earthquakes. The San Fernando earthquake of 1971, having a 

magnitude of 6.5 and a thurst type of fault motion, provided such an 

.,■....■-.... .^..,...... ..■.,..,■.—...,.  JJ.J.^^J..^iJ,.^ ...^w.. ,..-■ : -.^ •'■'-irillilililitiiii'-i If -      - ■-■■•  ••  -'■ ■•-•■■" --^ ,..:■„■ .„J^.-.-  -,.,...,., .■...^.-.->-.».Jl.<.,^.^.ä 
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opportunity,  A study was undertaken to explain some of the near-field 

observations of that earthquake, in particular the strong-motion accelero- 

graph records obtained at the Pacoima Dam site. A theoretical model was 

developed for a propagating line dislocation source in a halfspace which 

has proved to be quite successful in the difficult task of explaining the 

observed acceleration records.  Two progress reports (Litehiser, 197?.; 

Litehiser, 197A) were presented on this work, and the sum of all the work 

will be included in a thesis by Joe Litehiser which is in the final stages 

of preparation.  In the course of this study, several associated problems 

such as the response function of a strong-motion accelerograph and the 

mathematical form of the source time function were also considered. 

Since installation of the near-field array, three events have occurred 

in the Stone Canyon-Bear Valley region which produced useable data.  The 

event on 22 June 1973 was in the magnitude range (MT=4.2) for which the 

experiment was designed but, most likely because of the greater than 

average depth of this event, the observed amplitudes were not as large 

as expected.  The maximum acceleration was 6% g. A corner frequency of 

2 to 3 Hz was estimated from whole-record spectra.  The estimated moment 

was rather uncertain, but not inconsistent with other studies of earth- 

quakes of this magnitude.  This earthquake provided the first realistic 

test of the near-field array and served as an effective shake-down experi- 

ment.  Troubles with noise levels in the tape recorders were identified 

and it was decided to move the low frequency corner of the displacement 

outputs from 120 to 30 sec on the basis of tilts seen near this earthquake. 

On 07 February 1974 an earthquake occurred near the southern end of 

the near-field array which yielded some useful data.  The magnitude was 

i ' 
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small (ML=3.0) and the maximum acceleration was 6% g at the closest 

station. The slightly larger earthquake on 06 July 1974 (ML=3.3) provided 

similar but better quality data, so our analysis has been concentrated on 

this latter event. The earthquake in July was a couple of km south of 

the near-field array and gave useable data at 6 of the array stations, but 

the amplitudes at the 3 most northerly stations were too small to be 

analyzed with confidence.  The maximum acceleration was about 20% g at 

the closest station, a surprisingly large value for an earthquake of this 

magnitude.  The spectra of both P and S waves were analyzed for this earth- 

quake. The corner frequencies estimated from the P spectra ranged up to 

15 Hz, with the P corner frequency always greater than the S corner fre- 

quency, although this difference in corner frequencies of P and S waves 

can possibly be explained by the effects of attenuation upon the propa- 

gating waves. Although this earthquake was not within the array, about 

100° of azimuthal coverage was obtained and this revealed an interesting 

pattern, with higher corner frequencies along the fault zone falling off 

to lower values away from the fault zone on either side.  Technical Report 

Number 4 of 10 November 1974 contains a complete description of the data 

and results obtained from this earthquake. The study of this earthquake 

has raised some interesting questions which could best be resolved by 

recording another such earthquake, this one with the epicenter within the 

near-field array so that a more complete azimuthal coverage can be ob- 

tained . 
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VII  Theoretical studies of seismic sources 

In order to extract Information about the source from a selsmogram 

observed some distance away, one must first understand and remove the 

effects of wave propagation between source and receiver. At locations 

relatively near to the source these effects of wave propagation can 

actually be more complicated than at more distant points because of the 

so-called 'near-field' terms In the solution to the elastodynamlc 

equations. 

A set of computer programs have been developed for handling this 

problem of wave propagation.  The programs compute exact solutions for 

an arbitrarily oriented dislocation source In a homogeneous halfspace. 

The method of solution Is given In Johnson (197A). These programs were 

used to Interpret broadband data recorded at the San Andreas Geophysical 

Observatory (Johnson and McEvllly, 1974), and they have also been used 

In the analysis of the data acquired by the near-field array. 

Another problem encountered when recording ground motion near to a 

seismic source Is connected with the tilt of the ground.  It Is often 

difficult to know If the low-frequency output of a broadband seismometer 

Is due to ground displacement or ground tilt, and this can cause consid- 

erable problems In the Interpretation of the low-frequency portion of 

the spectrum. Theoretical calculations of both displacement and tilt 

can serve as a useful guideline In this problem because they give an 

estimate of the relative magnitudes and time histories to be expected 

from these two different phenomena. The paper by Johnson and McEvllly 

(1974) and Technical Report No. 4 (10 November 1974) Illustrate appli- 

cations of this type. 
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VIII  Available Data 

The data from all earthquakes In the Stone Canyon-Bear Valley region 

with magnitudes greater than 2.5 that have occurred since Installation 

of the near-field array have been retained in a tape library at Berkeley. 

These events are listed in Table 3. Three of these earthquakes, those 

occurring on 22 June 1973, 07 February 1974, and 06 July 1974 w^re re- 

corded with sufficient amplitudes by the near-field array to warrant 

detailed analysis. The data from these three earthquakes have been placed 

in convenient digital form on a magnetic tape in order to make them avail- 

able to other Investigators. The tape is written in a card image BCD 

format on a standard 7-track digital tape. Table 4 is a listing of the 

data files contained on this tape. The first file on the tape is a com- 

puter program that will read and unpack the data files. A listing of 

this program is included as Table 5. 
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Table 5.    Earthquakes retained in the near-field library, 
events that nave been digitized. 

Asterisks denote 

Date 

0y43 

Origin Time 

094329,vt) 

Latitude Longitude 

12119.5 

Depth 

4.64 

Magnitude 

1-1D-7J 3641.1 4. 1 
l-lb-7J 10ÜÖ 100äJ2.91 364 1.2 12120*1 b.21 3.0 
1-IO-7J 1013 lO^Jö.VA 3641.3 12120.0 5.61 2.-^ l-lä-7J I0£i3 10^343.41 3640.6 12119.2 5.15 

3.-' l-lb-73 1441 144122.37 3641.0 12119.4 5.37 
1-15-73 1519 151925.94 3641.6 12120.2 6.77 2.6 
1-15-73 1530 153008.61 3640.6 12U6.6 7.31 3.0 1-1 5-73 19Ü2 192231.62 3640.6 12116.9 5.34 2.6 
1-1Ö-73 Ü013 201346.76 3640.6 12116.6 4.92 3.0 
l-lb-73 2017 201704.00 3640.4 12116.4 4.71 2.9 1-15-73 21 14 211450.05 3640.4 12118.4 5.44 3.2 o-,iü-73 * 0129 01291 £1.25 3635.4 12111.6 9.45 4.? 
8-02-73 1610 161042.36 3634.2 12109.6 6.54 3.3 £-07-74 * 1035 103505.93 3635.3 12111.8 5.26 3.0 
3-ub-74 1Ö55 165515.01 3639.1 12116.9 3.20 2.5 3-0d-74 105fa 165619.00 3639.1 12116.7 3.22 2.6 J-0b-74 1910 191014.69 3639.2 12116.9 4.20 3.C 7-06-74 * 0403 040356.03 3634.1 12110.1 6.57 3.^ 
8-0^-74 1503 150345.46 3637.4 12114.2 6.92 3. 1 
Ü-04-74 1733 173324.44 3637.6 12114.5 7.57 2.9 
9-07-74 20^5 204556.10 3635.1 12111.4 6.38 3. 1 
y-1^-74 2121 212119.y9 3638.0 12115.1 6.21 3.0 
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